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ft f 'J K * * 



1. -#j£#^*35-*, >frit##-^*'ft^*-«*-t. ^A* 

2. #.*fe*J*£ l «4S#*A;fr*, *#«-f. 



#|*r***Aftl^fc*^tf 

i. 

4. #**lfl*-#2*3tt*#£-A**. 

#^Aj&*&ft^**#+#a*i8.Bj-Ha*ita*Hft 

5. #*Mi*#2A3tt«#*A**. 
fc#-flL^t**6*#*to^A**-to^***, 
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+&£A*t:>\ 

-f-'fMUMS.ti'N. 

7. #4MM***.6«**#*A3S-*, ###£1% 
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a, 

8. #*M1*#l«*#^A**. ###£-f, 

9. 4M*fcfl«8tfi£#£-A**, *#4**-f, 

10. *#WI^8i9«$#W*. 

*«.*#*«#«.ft^***»**#*i**^A*#- 

11. #.#*.#!*# 8 A9^it#f-^A^*, ###£-3% 

*. 

12. #-#*l*J#* 1 *i»*A#*. *#<t*-f , 
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oft # 

13. #.#&.44X-& 12 

xfM*.*.*llJt.-H-*.jfctf. 

14. 12 Wi£#^A^*, *#4£*-f. 
£ * - i « *» £ =- x n % , 

t***, + ************ 

X#. 

is. 2 

£fc|^****^A**-*£-***.j&, **#|**. 

«st^#*#*, *#4.*SU-«**, &*$-&£-**#£- 
A£3S-fe^**.#x*. 

16. l ti^-ft^A**. 

*Aie,a T 2 ***** ******* £ ***^* 

*«**nt*.***.*Mt*. 

*-x**a#**.*iMMt4, *.J5UT**a**4*# 

at** *a*i-**£A*&. 
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17. #.-fc*uH££ l #i£#^&**, £#*Mtt, 

ft. 

is. i , 

19. 16 . nius 

f-, 

20. 1 . 2*3t4a#^A**. ###&^> 
21. 

fr*«**A*#*»*-fc£-***A. *********** 
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23. *#*t*|** 21* 22 + 

***** W*. *■ 
tit lfe#J;&£ «fc S 4: * . 

im^****************** 

24. 21 * 22 *#*ME.^ 

25. j|MI*L#]** 21* 22 

+ . 

«;».**x#i**-te*-**, 

#g#*. 

t. £**«**&*#*!##-&£ 
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&8t ife ft * + £***# *<&*# A. 

26. 21 tt*-?HM:A**> 

&^**#-#^&*&£-**tt*L&#, 
&^**##£^£ifc*i*ft^**tttf&fc£3sW*F 

fes.^****^******** 

*. 

27. 21. 22^26^ + ^*A-fc*, *4H* 

£. 

28. 21 . 22 A26W*-£#-*A**> 

*#*+ ******* * *k£g**# A, 
#&»&***> ******************** 
«***JBL*#*JMMfr****, «A^-f# 
***#**»#*****.«, 

*. 

29. 25 tt-f-f-ft-****. *4M*£^, 
at* * + **tf *# **«*.***# A, 
*£**.***. **>a**A*#**#.*JlUfe*±4l# 

*;Mi##*, aJLtt**a*^**#**^*#**4**# 
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30. 21. 22 426 **++** ***. *#* 

* * + ** **** * **#S **# A, 

a*************. ***+***#****** 

*****.«, ******X***JBL*-$-*+**A*** 
****** **£.*-**A.« * + £***. 

31. 25 « + +*****. *#*£^ 

&;T*+a^**tt+#***#***A, 
******, *#«****#*«*****■• «** 
a * ft * * JL«r ait &#-*MP #* A *■» ** * A 81 * S . 

32. *»*«** 21. 22*26**++*****. *#* 

£^ 

* + £***, ##+PMOS#.&*f-*'««t+NMOSS&* 

**A. 

-jjr* PMOS ************ -*«PMOS*** 
***»*. **-#*PMOS*****a*******-* 
* PMOS********, #aL«+PMOS*,8,*£ ****** 

**ft+NMOS*A*t, &#«+**. ***i*H** 
tt*****A**£*H**, PMOS 
********. #i£«+NMOS *&****-$-****&.. 

*#*«+NMOS***f*4-*****#***A. 

33. 21 . 22*26**++*****, *#* 
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fc^i^fc**, PMOS^&* J f*'»+CMOSf>*i 

CMOS 3£-W#iS, 1 +PMOS^.Ii* 

f*»l+NMOS ******, fi|»t**i£PMOS£ANMOS 
3>tfft+&*f #ft+**#:**A*, *.1TitPMOSS>a. 
NMOS «^&*f- * 

£iir&»*CMOS«WllJI*A*, **tfei*Mlr-|-tt,y.* 

***A**i#**, 

**fi+PMOS«A*t. * ft +«*^*l + 
CMOS^-W^Stt PMOS3iA*f-#**, #-&-**&*&£* 

1fri£ft* CMOS NMOS « A*f-#***Afc., 

sTi££+cMoss#*ntt**#, 

*#]# PMOS«A*f-#**, 

fe^i*. « + CMOS S #* SI ft *+* A * if} <fc #** 

A. 

34. ****** 21 . 22*26**+******, ##4* 

a***)jM-**^- 

35. »**«** 21. 22* 26 «+******, *#* 

*5ir*A* AA**^, 
***l<)*****^, 
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t A -fT-t # *. 

37. 26 

38. #.4&fc#J£-£36#x£.#*#-> 

39. -#i£#^A^*>i£^#-^##:4«Jl-i*-t^A* 
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41. *JMl#**39*40M#6'A:*-*. 

«*tf**At»*-***^*#**H*.**i 

42. 39* 40 tt*#*"A#*. 

43. -#i£#^&>f*, ^A 
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ftt|-iftj£lEJtlMlLit1t*L. fc******-** — 
S. 

44. 43 ****"f, 

45. «L#*L«**44**«#^A**, *#4**-f 

Tf-«JiiE._tflLflL*J*-h*h#llStt. 

46. -#+**M.**fe***>MF*». «A*t4H 
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-&^<fe*Mf|A, 

A, 

47. #.#*L«**46«S++**At*. *4Nfc4t, 
Jfc-ttA. 

48. #.#fc#JJM^46A47#*^*&A<fe«-, 

49. ;|MHU4*#46*47t*+-HMfeA**, *#4fc*-f. 

50. 46* 47 *&*-*4MfcA**,' *#4£*"f. 
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tt m % 



£ # 4t A 7T * % + * * * & * * *» « * * * 

Aaf-A^Sftafc+AA+JHMM.***** 
jstat, #a**-f*±A***6+***A***& 
i£#^Aar&#flHt, 4M*#fc*-*«A**. 

(tt^RTL ) JflRTL^ii. 

SMfWfrA. 4LAft«ATM. £A#&# **#-*Afc#-. 

ffl 29 RTL*it, H30 4L*^«*«RTL4*if., 

aitatt^A4A*4a#** (+*#-*At*) . 

*Ht RTL##i£t, r,, r 2 . r 3 , r 4 *L^ 
#ff, tunc,. func 2 . func 3 . func 4 ^^^T-frSfil^fe'S't* 
assigh£&A*> ahrayi *4.ttJfc*'t'?M*'4-'t' 

£/fJlT*RTL#i&£Affl30;Mtt£#'fe.#t 101, 103, 
105«.107j|.^L^«RTL4J6*t^«W4p#Sr,. r 2 . r 3 . r< 
i£i±i£4^A£&tf**lfc&, A#^t^a29WRTL« 
+ r,. r 2 . r 3 . r 4 - 108 



100. 102. 104&106£*t£,M29#RTL#i£#func 1 . 
func 2 . func 3 >S.func4^^'fc^. &£-fe&100. 102. 104 A. 
106 29 RTL 

c k n p = f * c v 2 

Sib, 8 *4t*&4ll 5 - 299624 *P;£fc. 

te*A***3l********a*w**, b ******** 

ft. T*A##*#/4*T*£. 

+ 9 S - 67963 
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fc, £@t##^0A4Mf^###ffi$*iS^**S##£-A 
(*H31+8>MiA, H32 t*12^X) *]*r&*#-AA# 

■#«**+****. *$AAA#*-f-fr*A**t. &** 
#jAmm«2#n*ftl. HA, *i£ 
#$AAAtt****A*#+, *-*fc^**-t*#£** 
*«#■-**** + ****««***. 4*. H**#* 

*#+*#«**«**#****■* 

***<£A#4t***. ***AA*A*A****A**tt 
&-H--L, 5AT#JmA-*^*a^**#J«rA-A*-f **«*# 
A^fcA, TA*+*IMLA*JMHM**-f-*******A 
«*|*f*i*A*. *A****tf«. *AA*^B*. 

^AWtf i tt*1^RTX«ifcA*+-***A****«#* 

A**tt«#*-A#*, 

*-?-*£A**-. 

*TiUJiA8*», AA*#«.«TAA. #-A. 
H30tA*«-f*#-*A**, 
*A*ft*ti****+*MA. ****** 
A, *AA^&^**^rt^4-*h, *,&£&*&#$*&»* 
*«#A**l£tt*+£****A*>HiA-t, 
f.*-f $.**&, *nt!*tm«ftttt *-A. 
aii-tAAf-frSfcA**- A***, **+*+****#«. 
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£*^*A%#t*#**MM£i£#n#ifc*, 
£#A*^&A%#i£4tnit##5%iL#, 

iffi^, fc**— SF^flS *T«*T*** 
««Jt*Jfc*tfW, Ti*lMi£»ttil1L«ttW4tia-F, T« 
* WL -f +f*J ** * *. 
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^<k#, Jbj&, tr*Jf>AJ&i*****#+#***.«J-H-«*. 
n. ^i*>MtJ«i*, a A ft ft 
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t , »T « * ** *J ***** "t « * i fttf-t A* SLiS. 
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^*ftX#tf££*^A£|5-fe^*i*.tt~i|5*, 

BH*T*M£. *JL, B**-f- 

ft. 

it* BH4U&** Bl£B*.*t**fc* 
**AB. B 2 AS, 

B4;M&#*+£4M^ttAll***AB, 
B5;MMF**£*fc#«*MI*##AB> 96 (i)i^t 
+ jE******#-*A, B6 ( b ) 



-7- 



##AB, a7£>£#fe+£&**Mi#fc###)A8, 8 84: 

**tft*AH, a io^*«tfr*^-ra, a n &*i£->H*-, 

8 12 8 l3&;MM^9itf£-*£&*itt^ ^ - 

**£A'fe&tf£4*£A;5-*, Bl4A*tit«*W4. ffl 15 
**+*#-*A**t&-'MF*, S i«A*fc-f-*4MM,**«* 

-**-**.t«**b. a n a is 

if., a 19 ( a ) &*R*-&Wtt%~^£&M&T3LW!&%&&.jr 

a 19 ( b ) a 19 ( c ) 

a 19 ( d ) a 19 

( e ) H 20 

»^A**, H21*#£**flt**^****tt«#*A* 
*. H22jL***A«***W^**««a#^A**, 8 23 
A«A*;M.«««#*A**i**rA*ftf*ii, B244L^i±* 
«*#*-A#*li*NM&fMl(*, a 25 ( a ) A********* 
#A8> 8 25 ( b )4L**^'«ii42:#^A>5r*4A*'*»a, 
8 25 ( c ) 4^*-***«*«**#frA#*4A«*«**, 

a 26 w#i^**^^*ia#^A**«ir-f# 

H 27 4L******4*JL^**«^«a#^A***5J&+ 

8 28 ( a ) ;M**£9!tt#i>h A^&tf 
?-^fo^&m, a 28 ( b ) 

^P^, B 28 ( c)&«* -M-tPttfc***, a29 4L*f#S 
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B 31 &-*&&£*%-fr%&*,&R*t*L*%-&% ft* AS*#ft 
*tt*-f-£***#4*4H, a32£*>M-->H££^*& 

*a, a33 4i*Ai&^w«^Tr^^*f«3:#^A^*^A 

4Si£tffl^, ffl34*^S*afe*l«3:#^A^*4Ai3t#.«:# 

8 35 ( a ) *.#**#+JHMfcA** 

■T-, ffl 35 ( b) 4^***.**S-t****-*, a364L*#* 

A, a 37;M&fl£*«tf£#"^A**&#B, B 38 41** 

#£A**tt#.fi-&*, a40 4L**B^afe*iwa:#^A**« 
a 41 ( a ) *#-*A**«#-?-#a 

aiiS.i*«iM*«P**M#M«*i^**«>Mt**B, a 41 

tt***A. at io*itjgL^»x#-?-atfr«*w*****§ 

a/d£4*S; UJt^JRDRAM; 12 m««+ffr*At 

-^+^*At*; 13 12 *i* 

14 *>M-**^*A** 12 
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is &*1-%8.Z% «*>3V; l6£*MF*.ite 
*I*2V. 15#£Hfc*t«3LS.A#&,t£*J& 
17, 16 18. #7SMS.BM:«£i A# 

4fc&**U8&4«Mf-**-*+*#-*A**12. 14. 
fc4l7 4*»£>JB«*10. 11. 13. 10 J.14lS)tt£-**&tr;fc 
*A*lMMM*Hfc#t«JBt*i**+***A**12. 

14. 

B*««**A&*tt*£#*.-f-4 ~ 
96369 A*h>y,*. J&4MIIL. ***** fcXte&fe* 16. 

* a 2 4* a *ft«ja ** # -++*#* A t* 12 «* a 

A. at. 20*4*«fcJLA***A/**ff*A21, * 

T*frA/«ttfa 21 22, <M#Att** 

22&4T 5*#ft*A ~ E. #&*A - D&at-fr 
i£#*t«#i££*t«'fe*, ^ilUfcE&ROM. RAMfd*it 

£**«£B*fc*«tt*-*****A**i2 

22 rt, *#*S+*#A#**E*4*A, tf#**A ~ D-fciiffi. 

8 3 **«*.*-*+***A** 12 ##£->Mfrfcft 
<*A > «*Z#**B. 

S 3 ( +***A**t*-#*) 29 «ft RTL 

**at#TW^A«»t*. St 2. 4. 
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5 29 tf) RTL#&tt4t#g n« f2» r 3 , r 4 #A#*Ul<k&. 3r 

4^1- 3. 5A7 &fljffl29tf RTL#jfc#A&'&-<& 

6 funci . func 2 » func 3 >3. func 4 . xHi-HMF-S n - r 4 4Lj5) A4. 

t 2V A*«*4XJl 2V#.&fc* 16A3Vi§j>BLfc* 

15##<fe.&&^ 2V/3V 2V/3V & 4 

*J6ft**it*4t+t*t*. 2V 2, 6*8 

ft**-*****.**, 3A7JB 2V«*ta** 

16#**jt*2V *A. &^<& 

», *3V ft A, 

2V4fcA*» 16#fc*, *2V * 

A. 

9*2V|UIL** 16#*iM.2V . 
fcBHM**2, 4, 6, 8RtfttW . 

S4 4L#at**-f-****«2V 2, 6, 8tt 

ft A. Ht30*-*4Mfc*#fr*D.M,«. 31 

4g30:Ol&#Mfg31#A*t##Bi-#|i36. ##3 30*»31 
6 34a. 34b. 32£4MULMft**4frft4i* 
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33*A***Atf#CLk±Ai*M*A*#* 
Ck, NCkttl«J* 30 - 33 feJ&£i*2V 
16#fciSft4 2V 

9 5 4L*# 2V/3V j^']fc#'ii*£*fe#-#«*l'&*U 64# 

30. MJl«#S31. * ^ 33 ft |SJ 64 

H-S34 J513V$&** 15#*», 31 jMfrASM- 

llS^I^X.tL^ijMLJ&SS. <fe ^ 35 £2V/3V 

t*. «*AJH»4**»iiHt-?-«*4t«.«2v«t*a, ^ 
t*l6i*HfttJHL#-f t*Ai*ti**A#-*- ( 3V )*A 

fc* + **fc**35 4****A;*.*#H 6 ( a X&H 6(b) 
+ . *B6 < a ) « fc+i&fe* 35 t, 40^L41^PMOS^ 8 1. 

42>S.43^.NMOS«^*f , -it* PMOS 4* A#-f 40 
*>NMOS4!&&f42 64$#, £-&£.PMOSaiMME' 41 *» 
NMOS 4t&#f 42 64 $##i£64 3V A 

. -14*4 PMOS 4! 41 «4**L*«1 NMOS 41 A 

t PMOS 4>A<fMF 40 *» NMOS 42 , 

PMOS « A#-£ 41 NMOS 4! A#-tf 43 ft*** & life. 
4.*£JL. *H5 64^A«4*31«4£#**-lS.«4^NMOS 
*A4Mfr 43 #*2V*A, &*j-643-iiNMOS4!A-fr 

f 42 64**1, «*oV*A. &#-&NMOS4!A*f 43 «, 
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PMOS ^&*f 41 £#*jL, NMOS 
* A*t 42 3V , ^-i&tt NMOS 43 # 

£ffi 6 ( a ) t. ^3V$fc&* 15^2V*i'fc&* 16 
.ft^3V$'fe&* ISfcOV 

it#^-g->«*.ffl5^^>ft«#ll3i«j:#«rii{2v *fcts>fcfi 

&f] 3V-**A. 

ffi 6 ( b ) ;M^££-#JMM$* + $&fe«-3S'tt#&, 
£<fe J | i -$.4*'fei*-35' + #ft*CMOSSi«i#i$S45» 46, -ft**. 
+ £&%*S-35 t««^NMOSS&^f'42. 43 . i£ft>h#;te£ 
45 . 46 t * PMOS £ 45 i§ NMOS M 48 

^-^^PMOS^^^f-49-^ NMOSS&^f 50 
B 5 #^JHa#ll 31 ##]ft*CMOS«#l*i 
£ 45 . 46 lt£4Mi PMOS NMOS £ ft 

^^47^48, 49 *»50tt ft >M**L. CMOS£-W*lS 45 

&*fe,MlPMOS£&<fcf 47 NMOS 48tt&4Ms 
4HI tfe, ft^^CMOS«l^ll45^#J!l PMOS^&^f 41 
tifefeilifc, ^5-^CMOS#l*S46^»Ai* > *.*££PMOS 
4 ife. «*CMOS#l#i£45, 46fi4»8l! 3 |.% + 

« i %, £;£M. 3 V $ & «. * 15 6 2 V * * ¥l % 

*Lft«#* 31 «4W 2V4friii *-f ft*Jj 3V 5&*+Slsli. £ 
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#h &#|MH#&CMOS##}#l£45. 46 PMOS^&tf-f.&ii 
JW.3V&<fe. J &6Ufctt3ri£'k2L 

#A#;Mfr*##2V&*)*»«fe^'&J«-l, 3, t$.R2\& 
*1***A; 4 #*rA#;fr2V & & 

3, 2V/3V &*]fc*tt&^%.#-5, *g^#2V/3V* 

^«.^<fe«$-6^*X«^2V/3V jM'ULS&tt&^fe 
*S, £*T*i$#2ViM]fc&#tt&^%.J$-7, •e&^UV*?'] 

5jK>«Jii^WTf4ll r,. r 2 . r 3 . r«A**Ulfc*# A, 

2V 51. S 7 51 JU&->HfrX# 

tD4*#^#JMH*» 52, 
4^J*«i-sfe«.H'Jl53, #^«t#G ^4 l«I^##NG 
4**8-54, 4Srt*tf*NG***MUMl«*- 32 *MR» 
* G 52 . fc#52 - 54 2V 16^%.*; 

B8i*fttil/*tA ( 2V/3V ) 51. 
H 8tt*#**31 n#4$Tia2V4kti&S 16^ifc*^«#^^52 
fr****/***-^ «3V**,flL* 15#t»«**«.JtS 
55, £##^52fr4fr*&H*S55 4Lfl#Afc + l:&fe#.56, 
*fc2Vfc*S*A>#***Ui3V**Jt**.S6. •fe462V'fe'fc 
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H 6 ( a ) *> ( b ) 

9 9 &*i£#^&&Z 60 A. B t 61 **JMF*\ 

62£<MMP^. 63 £*L-ft4fc*fc3S^. 64£#-x.£*-ip^. 65 
**.BNMHP*. 67 4.* 

61 tt#A£ffl 29 A#H 10 0r4L*tt RTL * 
^RTL*^*i*-t*.4r#||(SIW>fS-?-#iji^^, 
ffl ll^TJBa*******'***^********^; % 

*HMF* 62 4tM.t**t-^^ 61 *A« RTL #>i.£&A#&i£ 

*«ff*4#Jt#A*J*-t^A#|ti»#JP^A^^fi3d; &** 
*ttJt*H***ATfl#lt**.*-t, #*A#i»**63e. 
X >UUfcfc*«*fr 63 A*«fetiZ#&fttt4«»Z# *fc 

4fc^63f, £6*fr^61#ARTL#i£##<>llH-, &lt#T 
-tifctt***.. *4t*A«**i>4|(6'«ft&4k-t, at 

£A*ft4fc#i£*M L >ttt*-£^&, 
* 61 *x«**+Aa#**«#**, fc*>MfrA***4-A 
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**f **.***t*, &&&^i£#*tt4Ms£ 63f#*| 

fe^ffl 13 #i£#ffl, £#* SI # HDL ( ###3.*^ ) 3t 
£#*S2*Ajii|.HDL4Si£, HDL«i£ 

( 3V ) < «T«.i& lib ) , * 3Vlib 

■STF, 4t#*S3«±^i^^A&^%.^,iLJt^ig.^(SI 

Ji.iSJiFMi.Sl-, >i$.^*S4#-iE.±ii«r^WHDL*a.i( ( ^-«*f^ 
lfcft*h #&*r# HDL #J*»: 15 41**4— 

t. &***f&**#*r, Hi^fcJB-fW^&^A 

A B tt##.T, *ii>M^**f 

itai.iS.Bt/sjJiflLiij-, fcB 164L**Mf, *6-t*fc-£**f ^SIA 

^^4S, ffi 17 HDL S184L*^JE-^^ 

fe&i£. 
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£fc>£l6#<fe£££-&^fc#-£-&-A, *UL. «-f-fr«i5.iH- 

15#*«£#-&^*#X^A,fete£-'fe#J&^# 2V 

A##. «t**«fc^**tt***JtA*+ ( m 

+ ) &f*LS ft fcn+ ( 1 ) 

( 3v ) ( $x&^-fc«-) #^A, £^#s 9 fc 

itft^JiBLU-, M-f-M*Ai»T'fUlkli'MF^ ( n - 2 
. JlftfeA&fl ( 3V ) ttfe^fc* fe^fe*) 

H H At£i+-tFMt.«T. 

s,«, **A«*2V 3V 
ttiPfUL-fr-fr-Mfc^**. -Mr*******-*-****, * 
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S 12) #JMtt 2V 3Vfibfe4>t4< 

«S„. S 12 #*#. S n #£T, B#63V& 

«, S^^*-t^^a#^A*^-. *T«£#*S,j~ Sis (#-2- 
-S^ftttA. ( 2V ) ( 3V ) at* 

*-f**tf«Mi, ***s M #at**-t*****<**. 

4 « 2V MaMIl 7 6* 2V 4** + ** 

*«■) , 5 2V/3V 8 ft 2V/3V * 

Sit, *»£ffl 13#*«i£#£iU-S*ft£&, 4-*PiE^«fcJ8- 
( 2V ) ( *B 19 

( a ) <M';fc*0ft'MHJ-StN4**. 
*70*4«-5-#at3€i8.»i-H*ltT*^«.i8.-fc.im-, fcffl 19 ( b ) 

70a 70b , 70a *> 70b **A 3V ll 

2V ft*!***** 3V ft *]&***&*#£##&> t-S 19 

( c ) fc#***4.M 2v **]&**# 71 flat 

«ftn4Mt.*fc+4*7U. ***3V**lfc***J:. 
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-ti£.£&, 2V 
3V SiKB 19 ( c ) ^X&#;*£*rtt&^#£> 

B^*^*^*^*.^ ( 2V ) ( 3V ) -Ufr*, 

*»H 19 ( d ) ft*, Bttf SJ$£ 

^7^^^-%, + ^^W«.«%,^, 2 V/3 V & 

Jt<MMH 19 ( d ) 4L***+**ikA**, a 19 

£is£3V **ifc^**.t$A.«fc^*-, a*A**2V 
fc^**Ji*Att 

•fc***, £#*S I8 ~ S 27 ( #»— i«) , ^*&r 

fctf#B3V ****** 15 # 
***A£*-ft4***-t, feJ&^fl2V#&;HL**16#*i& 
£-A£*-&£-**-t. 

ta ( 2v ) &?']&^*#£*j&, b #*s» *•*■*****# 
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it 2V a*. 

ke = m ( m **£****«!*$-**■«** >. 
S 2 2*'J«r^.$ ke ~ ks = 1 , ke - ks - 1 Bt^ft^T, % ke - 
ks*l Bt, S u *+#*#. k, 

k = ( ks + ke ) 12 

£#*Sm## 1 " % k#-fr 3V ft A lib £4*; 
k + 1 - ^ m 2V $ lib £*. 

Jtj&, **±Ji«U&ttfc***|t*J€SL*«, 
S„, •H-^^jL^3liS.9tPSI*'&^-trfLttat#Jfc^, £fci±t£*t-JL 
IML#*T, k + l-lmWftmiW, 

**«SMfc***&** to *Atf + k ( to - k ) ; 
1 - % k#*«fc*****fefci*W***riMi«Ttf 
£**Sn#ke*+*A + Wttk ( ke - k ) ; 

a. 
*. 

Hfi. 20 *M#.n ********** 

io«*A3viib, j&ioit^A 

2VlibJ&, *Mfc**«*W>Jt|MU&*#, -f-tFMi., 
#J&10##*J*£", 5 &-S-**A£2Vlib-t, * 
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10 5ft#*^££ 3Vlib -t, 
*fc#*.^A 2Vlib _L. **ffr***Jfci£tf «>ilMttt*#, 

****A***»j&#«*iM-. 

fe#H21J&, £#«Si# HDL 
S 2 , JLi£HDL#i£.#jMs-t*$'fciS. ( 3V ) lib feg-fc*-** 

S 4 ff--fc£H 15 AH 18&*«*P#*A# HDL#i£., 
ft**f^A*« HDL4SSL. 

3V > 15^«fc*. -g*A 

jf 

2Vlib ##£&^*J&tt#^#iiy£.i&lltfS]. 

S 3 i # * W J5 iit'H'-t BLKiS. * (S| *b&, £»*|--t RLfc « T 

Ht, S M fcil l Hi.#T*§to<fr%** 2Vlib 

4-#*it-tflUfctti&***, #£*&^fc&iitfrjf-*S 32 . S 34 ~ 
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* it 3Vlib *» 2VHb P , A&^% 

*«a#n ft«*-t***ftp. -H-**3viib« 

St*fc», *tt*tf#***M#n**#3Vlibi*A*fc«, *» 
3Vlib Sn##*A*n A 3 Vlib 

**stff 3 vlib s 32 #^^ii^n a 2 viib $ 

*T*-**a«**Hl3«a*Hft#«*#-*-. AAA*. 

Bib, £*£*#t> *i* 3 VHb "I"*, 2 Vlib 

&AA1.8, AAfti**iAA»MifMit*50iis, 
&i&*90nstf3LT, 3 Vlib g-AfeR. &*4* 

**««*-f 50nstfa.T, ****** 3 Vlib tt^AfcH, 
**fc*-4*A2Vlib+A. 4ft*. £4*&&#ltil*60nsft*. 
T, ******** 1/4 ttft«*A*#, ***#*3Vlib 
#***&***«.* 70ns**.. **«*.&* 1/2 
«J£Bt*t#. A 3 Vlib ^A, *4**&Wa$.iS.* 80ns 
****#*A*I 3/4 £ AA4A 3Vlib £*A. 

£££afc#lt> S*^«*t**«3Vlib ft 
2 Vlib ^Attfe^MPfrtt**** C ) , 

■frA***t**A*1Hfc. 4**. #****JMfrA**. **** 

fr-fr^A, &-#<fe*ttA4Mfc, A ****** 
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tffr&itJt, 4££&#tt*t £*kJ&, RLfl ( 3V ) lib^ 

W4fc^&^^-^, 3Vlib flJte#&«. 

® 22^a:#^A^*^^-x^ (#*s 5 - s,) ^nr» 

^l*r^*^5.#fi:-H-*««.»r^fe^^^ 3 Vlib £*, A-f 
&^*i^4 I #£fcft£tt&^^£im&*f3 

Vlib £4fc.#:fc, K 24£_7FW&*M**frA*:#a. b. d> c. 
e. f. g« hft^tt^Stt^jiMSife, H 23&*tt£#££ 

3 Vlib H 23 its til low_ power_ 

synthesis_high_Voltage ) TtftfLfy. 

IB iT* S«fc**^«fe^^# 3 Vlib 
«^«S44#i**a.*2Vimft^**S#ft*3V 

6 ( a ) 4fc.****-f-****35, &#&ffl 
6(b) & + 35'. 
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$-i=£(#*S 5 ~ S,) . #-X#(-$-*S,„~ S, 2 ) MA. 

( ^*s I3 - s 15 ) , ®%&-tit.%~+%&*itemtf!® 

3V ^fJM^^*ft.3V aiflto'M'frS.W*.***-**** 
*, -Mr**********., *JB#«S S , ********* 

4ftft*&B 13 < , 

B 25 ( a ) 7 ( ) B 25 

( c ) ;MMtf&&*#3VUb*jMM>*i>»£.*, 

Xtt 8 **#**2V/3V *««•*****, **.***Ht. H 
25 ( b ) B-JbTH**.*. £|U&J^*K#;1J 3Vlib 

-fettir*********-. *£*#|/fl 3Vlib^AA 

H26iH 28 4L**A*«4#i^***l, 4fr 

**^a*.ii— a^-******. 

H26;M*^***«*4K21**«I*&fr+**-. B27 
*S«,-.So. *St«H«j|r*Si,*»#«Sij4LHJf*H27«# 
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3£ S70 ^* S71 . 

£H 26 t. j|r«Sj4**flr-f 

( 3V ) Hb^te'fcA ( 2V ) libtt>MfcPJ&, £f * <0 *.Sp>Mi. 

-fcA ( 3v ) lib i&ttntt&iu ^fcaiib . 

**S«, ^.-titS** ( 3V ) lib tti&feB (flNtttA-f) 
ffl #*S <2 ktt**flt< k - 0 ) J&, &##s«ia 

= k + 1, i)r* M &^-^tort^fe^-*p^, ##*S« 5 ^^ 
*.ttk^to^ltnfltfi-^#. *J&, £##S« 6 fc£f:k*>t 

g 27 S 10 t. J*t ft* 2V ft 3V ftfllft 

£fe3V ft«fc***<.N-MT% + ****. Sn 
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Bib, &$&*iA%-bTtt&, 28 

( b ) A< c > A#4Mlfl-f£*i|5l+. $2*A*3*tti, 
B#ffl 28 ( c ) #3U*tn;fc**.#&>Sjfc Jt^, *t 

^i&^&fflfl 3Vlib B*, JM 3Vlib 

^fltWflt^AIO^fr*.*****^***^^^** 3Vlib 
£*A. 
H 33 

4!t5ttf 3Vlib *Afr^# 
#^A#LJ. 60 61 # «rx. 

B34A*/8****6ll^i**MM**, **#*A7tf 

-5 -fc* 90 . HA Air*'*?! FA fc£Al$?']#&. 

^MKiAl 91, ifc>HU&J£tt£:*»*S 91 

*3Viib£-A, JMfcflUViib^A. 

91 «4#*fc*T 16 + 92. ***-f-****.92fc 

^*4l*X#-?-t+ ( 2V ) ftftAftfe-f- ( 3V ) »A. 

Bit, H**flL«at4i*A*i##**#. * 

91 ****#jMt 
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& ( 3V ) *«, #^#£fc^tt*4M*#*tf&&J^ft#*#* 

A, fl#*,i£ffl-f3frfcJ!*:B - D. *7##4M.**-E**. 

H*. 4MM^**«lttZ#'*'A*&. 
^**f4ft^*rt, Jfl 3V 

i* + ****fti*l*f ft**!**, 

*ff+*<MfcA****ft*HU*#** 
6. #JL, #***«fe^%*tt>Mti§**£**fr*A** 

30 & * *■#■* A**8 30 1 . 100 . 
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102. 104A106#^#aU.ilBtf3J, ffl t 6ns . 

12ns. 14.4ns. 8ns, Jk*IL&lL&«l«W#l^#n&#&& 
*Li5.Btf«J# 2ns , ® WZ. 104 

14.4ns, 0T>*, ffi30fc#-#|L3x##*#: 
1000/ ( 2 + 14.4 ) = 60.98MHZ 

^fc*5, B#'£ttlMM$i&2£ ( 3V ) 
( 2V) HH^JH>HiA. «r«'e«iti5.i*(sj 3 l«:-H--t^-trfLtt.(« 
>20ns). •3.%£#.&&&&H > & 1 . 3^7^^ilBt(5), B3r 
# 3V « AlMtfl 2V tttefcA, 

te£ffl 3 2V 3Vtt 

&i&&i&ttJ£ig.Bt|iJW 1.5te. £ *Mr*#*M£ <fc* 1 . 

3. 7t. i£i&Btft&*tt;Ua^<MM, Iti^Btrsi^ 18ns . 

&%2VfaiL&% 16*>3V fit*'* 15##£, 
&#&^<fe«-5#&ig.*&18ns («Ut£*t*J-3Viii<&&» 15* 
^ 1.25^) . ^«.^*,J«-flt*l'4(rABt«l*:**&l^-§-^-?-# 
ii3tifi.Btf-q7l.2ns, ***tftt****&fc*tt*.Sii'ft#* 
A: 

1000/ ( 2 + 18 ) - 50MHZ 

it, >£#:£4fcJ*-#l&^feJ8- 1 . 3*»7ffi 2V'te* J aLa.l63R^, 
5 M 3V ft 15 *» 2V te<fc&* 16 

B 35 A*.**, 20ns #*ft^i§SiBL^iE.US, *tftf-f 
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i5^fe^'fc«-4W'f#-!-'ft-iiL3ili5.^l«I^^. 6(a) 

3V iMJ*^*&&fc##J£i&4NF, B ( b ) 2V 

*+-*4MfcA***jU&*»*JMl3V A?] £4 2V **, £*. 
i£i&itffem20ns i«| 30ns, ^4tJ«-e^JlillH-|«I>?-'f*i±«:*i-± 
fJMi.20ns, T**H3*J****H+-f-fMtA**t. *j-f* 
2V ^ A^A*4fe^**«J€iS.lH-fil*it 20ns , ^T^MMM 

B*x#***^ia^^ii.A3v«*t 

A**?], 2V* 
*l&ft*9l, *T«*Afl»KtJMt20iif . S ( b ) A#ft#m- 

*£, *&tfir«+**MMl******«+***A* 

*a**»++#*At**Jt»ftlW* s, *++#.*A 

fc&t«.&<k*&-#fc#l£ 20 %, ^-^JMSfciS-t 

>fc*l« 10%. **£«l&xUt«**A«*£ 
2V/3VH94. *»«*«*UHt*#iA*H, 10 % , 

*#.*A******«*TAA*: 
S " 0.8 ♦ S » 0.8 * S * 1.1 " 0.02 - S * 1.002 . 
*****4**»ftf - 0.2 %. 
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S * 0.8 + S * 0.19 + S * 1.1 * 0.01 = S * 1.001 . 

fc&JHJItflf*'^ 0.1 %o 

S36S|ffl39;M>M. l >>8tt#-fc*&«MN. **-t*i*** 
*«t. ^fli^iS- ( 3V ) £&£*'iL*8-1t 

^S4 4mMt*(^S) 2W*rtfS«*?S32tt#*I 
g34c*>34d, jtftlfijLtZ Tifta^^<!« 

**A(3V) fc» Vo Vss^tfSJ, $JfcS&ZP*|ifcS 

*»N#i££tt&#.f Tp. Tn. ^#*L»A-f|:-f-, 

fc^ft-f-Witi*^ ( "H" ) £te<fe& 

$16ttte*2£, *P2V. **A>f|:-§-^^ ( «H" ) "fe^lH", B 
#N*>i£S,&&f»Tii*i&, ^*PM>il*&*fTp 

T*. lS^tetA)* 16ttfc#jL£P#i£#&#. 

•fTp # WitiL& VtMTftftVL, P^ifcS&^f Tp-fc&jt, 
>£#>&iitt?rf HA, fci&fe^iiSLi&pfciiSl&fr 
f-Tp^Sit^S^T, M-kPm&k&Vt = O.SVtt, 15 
tfl&kB.iSLZ.iV , 16 2.7V j&, 

£S36t£*##fc*, &*Ja^fc#l, 3, 7X>HlL^ 
2.7V ffi 2.7V &miL&iL%- ( 
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&) fe-g-fc^- 5 flj 3V JU 3V iM&^fcJB- 

( ^-^fc^) . 4. 6, 8 2.7V 4& 

-fc&^fe*. # A 2.7V**). *^2.7VM?'))«.^t.^a4 

a 37,i;M#AB36tt3&fc*, j£#^A#*tt 
*H+, -fc^fcS! lib ( 2.7V) 

* *.***«*h-t SLj4.iS.Bj- n flu, £.t in*.* T fe 

^<fc^-, £#*S 3 > *P*&^***i2:7V 

j&, £^*S 5 . 4aK.*****^2.7VMb*0«t#t*Ji. 

Si, 4blfc<Msft^fc^*flfcJ&£&£ 
2.7VHb^^fc&fr»&*.#--t«J&, *f*S 2 , l!t#f#I 

-tBUi.t*AL<#-*JWtJML3 Vlibtt&^fc>S--k. tfisi, fcttttA 
^<&. 

Bib, H 39 4l**»>h*-*JK.««4iI, # 

->hfe^**7p«#*#flL*flLBi-H*it«:^Jil|LflL*0*a v it 
^&^<fc*S-^4r^sffi 3 Vlib *»Bf ftRWMbMft**, 

3V £ 

•f-i**.*. it«t. £#±i£ 3 Vlib 70 t> 5& 

2.7 Vlib 71a . 71b ftttt JL ( 2.7V ) 
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^^71a. 71b*fl£3 Vlib-t$.&. 

3 Vlib -t, XJt#+#**** 3 Vlib -t, 
3 2.7 Vlib -t. 3 Vlib -t« 

J8*JL***#|«**0, i5 £ B 26 *»B 27 
B. £££#i^-MttH40 t. 

£*£&*i#H26*'ffl27 5fB«i, ***-f-it***«#A ( a 
26 W#*S t8 ^S 6 , ) . ******** (**Sw*» Si, ) $f 

m. 

FMM^ 20ns B41 (• )4L*3V«* it A* 
J&tfJiLiS.^*, fc-tJfcSV******!**.* 17V44ftU*?l, 
£B41 ( b ) -tfl£*HMk.#***4MF. *^*i£U-H«.20iis 
$#'j24ns, *it**|-***iS.-fcllU*.. *H«+. 
«fc<f*Jtf 2.7V **]*»3V IW********-********.*- 
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(a) 

35 t+£&t* 




(b) 
,35' 



r ">PMOS OV n 




Ljr k CMOS - -] 



.50! 
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51 

52 m** 53 



NG 



-0- 



V! 



G 



4> 



■NQ 



i ,j 



-£> rNG 

-J 

2V & ?>] 
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B9 



RTL 4S& 
4 



62 



-61 



I 



63a 



63b 



X 



,63 



*t*#* 



63c 



****** 



J 



63e 



X 



~65 



****** 



66 



X 



#*** 



-67 
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010 

module demo A (ct k , r , q ) ; 
input c t k , r ; 

output [3^0] q ; 
wire [3 : 0] qx; 
reg [3 :0] q; 

function [3^0] fq ; 
input r ; 

input [3 :0] q; 

i f (r) 

fq = 4' hO; 
else 

if (q < 4'd9) 

f q = q + 1' bl ; 
el se 



endfunct ion 

assign qx = f q (r ,q) ; 

always @(posedge elk) 
q = qx; 

endmodule 
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9 13 
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Table 1 Cell lists of Conventional 



Conventional CMOS Library 
(61 cells) 



1 NVERTER 


. 4 AND 


i 20R/2AND 


INVERTER P2 


! 4AN0 P2 


! 20R/2AND P2 


INVERTER P4 


20R 


! 30R/2AND 


INVERTER P8 


20R P2 


30R/2AND P2 


2NAND 


30R 


2ANDx2/20R 


3NAND 


30R P2 


2ANDx2/20R P2 


2N0R 


40R 


3ANOx2/20R 


2N0R P2 


40R P2 


3ANDx2/20R P2 


3N0R 


2AND/2NOR 


2ANDx3/30R 


3N0R P2 


2ANDx2/2NOR 


2ANDx3/30R P2 


4N0R 


3AND/3NOR 


2ANDx2/30R 


4N0R P2 


20R/2NAND 


2ANDx2/30R P2 


2X0R 


20R/3NAND 


20Rx2/2AND 


2X0R P2 


30R/2NAND 


20Rx2/2AND P2 


2XN0R 


2AND/20R 


2ANDx4/40R 


2XN0R P2 


2AND/20R P2 


2ANDx4/40R P2 


2AND 


3AND/20R 


8NAND 


2AND P2 


3AND/20R P2 . 


8NAND P2 


3AND 


2AND/30R 


8AND 


3AND P2 I 


2AND/30R P2 ! 


8AND P2 






80R 



(_P2._P4._P8 represent x2. x4. x8 powered cells) 
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m 15 











n 





r2 



@16 





— ® — 




— CD — 




M 




r2 


T3 
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m 17 

module circuit ( in , out ) ; 

input in; 
output out; 

reg rl , out ; 
w i re r 2 x ; 

function func AB 
endfunct ion 

ass ign r2x = func AS (r 1) ; 

always @ (posedge elk) 
beg i n 
r 1 = i n ; 
out = r 2x ; 
end 

endmodule 



-16- 



9 18 

module circuit (in, out); 

input In; 
output out; 

reg r 1 , r2, out ; 
wire r2x, r3x; 

fu net ion funcA 

endfunct ion 
function func B 

endfunction 

ass i g n r2 x = func 
ass ion r3x ~ func 

a I ways @ ( posedge 
beg i n 
r 1 = in ; 
r 2 = r 2 x ; 
out ~ r3 x ; 
end 



A (r 1 ) 
B (r2) 
elk) 



endmodule 



@19 
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S 20 




, i ZZZ < 




S20 



[kjHhS26 




524 



**Li6>JLFlU 



525 



,512 



3Vlib 

~ ' t 



* 2V 



£ 2v^3v ft 2v fc*».«T 

— T *sir 



,S15 



I 



q5d 
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S 21 



CjEjO 
i *HDL^ftjn rvsi 



j | HDL ^»iLiL^I||-a:it 
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a 22 



CUD 




2VHbg« | | *tt«t»tt2V/3Vlfl>*.», 

sw J~~ 1 ^ 

C *** ) 



S15 
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ra - 
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w o 
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-O 


H il 
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TO 


TO JD 



a 
a +- 
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a? 
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c c c 

CD CD CD 

1/7 CO CO 
CO CO CO 
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E 
c 

<D 
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S 24 



module add8 (a , b , c, d , e , f , g , h , y) ; 
input a, b, c, d, e, f , g, h; 
output y; 

wire a 1 , b 1 ; 

assign al = (a + b) + (c + d) ; 

ass ign bl = (e + f ) + (g + h) ; 

ass ign y al + bl ; 

endmodule 
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@26 



2 



3~s i 




S34 * 

&-ft*&*>-tnHl-it* 3VUb 2VIib 

S 60 ■■" ' 



^ &nttjfc*tXfrftft*fr** ftft3Vlih» VKf 

561 ZZZZZ * 

562 4_ 



S63 



S64 



k = k + l 



S65 



gp **t (k ) rt%X 

31 




&kfr^H$3VUb£& K S37 



- 25" 



S 27 




S7(K 




S71 



NlfrftLfrfrfr 3V—3V 



S15 



gm&fe&afr 2V/3V ~) 



CZSiZD 
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a 28 
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a 29 



module circuit (out, in , elk); 

input in , elk / 
output out; 

reg rl , r2, r3, rA; 
wire rlx , r2x, r3x, rAx; 

function fund; 

endfunction 

function func2; 

endfunction 

function func3; 

endf unct ion 

function funcA; 

endfunction 

assign rlx = fund (• ■ . ) 
assign r2x = f unc2( - • • ) 
assign r3x = f unc3( ■ ■ - ) 
assign rAx = funcA(. ■ • ) 

always@(posedge elk) 
begin 
rl = rlx; 
r2 r r2x; 
r3 = r3x; 
rA = rAx; 

end 
endmodule 



// ***** 

// fund 

// func2 

// &&&& func3 

// funcA 

// ***** 



-28- 




-29- 




-31- 



"D 
"O 



jC 



EE 



O 
-C 

£ 

a; 

> 



» 

a 



XI X) jD 

co oo m 



S X N 

• ,— 

• u ro 
t i — r— 

O. Q. ««-» w *_ 

c c 3 



CD 

TO 



o 



O — 
X >> 

CM 

CM r— ^-i 

— o o 

c 

o 



O 3 3 

c cl a. 
3 c c 



o 

Cl 







*' 






o 




O 






-\ 








\ 
















> 












X 












■D 








ro 




o 














o 




II 


+ 










o 








o ^ 












in m 












to 
















CD 


1 — 1 






r— i 




ro 


o 








o 








o 


1 — 1 » > 






N IM 


a 




c 


c 


c c 


^ 




cn en 






co tn 


c 


* 01 


Ol 01 


4) 




<U (0 



■ > > > Qj 

~3 
■o 
o 
E 
x> 
c 
a; 



-32- 




-33- 



@35 




10ns 20ns 30ns 




10ns 20ns 30ns 



-34- 




-35- 



@ 37 







HsJf- 2. 7Vlib 








S2 



rut? 



S3 



2. 7Vlib 



S4 
*W 3VHb 



H 2. 7Vlib$& 



S5 



-36- 



ffl 38 



( ** ) 



ftfefttt 2. 7Vlib£& 



J" 



sr 




S4" 

S 



ft 4$ 3vub it m 



( »* ) 



-37- 



m 39 



fo- 



71Q 



71b 



70 



-38- 



S 40 



( ** ) 

tft HDL ^fe-grT 



xS 1 



HDL *»»iLA.±<iri£frJS&ft-gtit 




-39- 



m 4i 





-40- 



a 42 




vss 



-41- 



